Abstract --Nowadays, integration of small-scale electricity generators, known as Distributed Generation (DG), into distribution networks has become increasingly popular. This tendency together with the falling price of DG units has a great potential in giving the DG a better chance to participate in voltage regulation process, in parallel with other regulating devices already available in the distribution systems. The voltage control issue turns out to be a very challenging problem for distribution engineers, since existing control coordination schemes need to be reconsidered to take into account the DG operation. In this paper, a control coordination approach is proposed, which is able to utilize the ability of the DG as a voltage regulator, and at the same time minimize the interaction of DG with another DG or other active devices, such as On-load Tap Changing Transformer (OLTC). The proposed technique has been developed based on the concepts of protection principles (magnitude grading and time grading) for response coordination of DG and other regulating devices and uses Advanced Line Drop Compensators (ALDCs) for implementation. A distribution feeder with tap changing transformer and DG units has been extracted from a practical system to test the proposed control technique. The results show that the proposed method provides an effective solution for coordination of DG with another DG or voltage regulating devices and the integration of protection principles has considerably reduced the control interaction to achieve the desired voltage correction.
INTRODUCTION
The increasing importance of reducing greenhouse gas emissions has been the key drive for a number of Australian government programs which aim to facilitate new generation projects with lower gas emissions than the pool average [1] . These generators are normally intended to operate whilst electrically connected to the distribution network, and utilise renewable energy (hydro, solar, wind, biomass) or low greenhouse emission fuels (natural gas). They are known as Distributed Generation (DG) resources. Not only the connection and operation of the DG can reduce environmental emissions, but it also offers a number of benefits compared to the conventional ones, such as lower capital cost of generation, generation capacity to more closely match the demand, as well as higher potential for enhanced security of supplies and improved power quality [2] . For these reasons, interest for installation of DG has been growing rapidly worldwide in the last decade.
At present, many DG units are of an inductionmotor type, thus absorb reactive power from the grid, and synchronous type DG units that can inject real and reactive power into grid system, are very small in number. Therefore, DG units are not actively participating in the voltage regulation process. However, it is expected that in the near future, the combination of rapid load growth and falling price of DG technologies will trigger participation of a much greater number of synchronous generators into distribution systems. This tendency will in turn lead to the prospect of the supporting the main grid in maintaining acceptable voltage levels by DG units. The connection of DG plus the growth of load demand and the uncertainties of load connection/disconnection, nevertheless, have been contributing to the complexity of voltage regulation [3] . Traditional voltage control actions, in the absence of DG, depend much on the fact that the voltage profile decreases along the feeder from the substation to the remote end. In contrast, the integration of DG systems makes this characteristic no longer valid. Another possible difficulty involves the chance of introducing interaction among different control devices including DG units. As a result, the existing voltage control strategies need to be revised and redesigned [4] .
Voltage control problem in the presence of DG has been addressed in the literature recently. Ma et al [5] have used the hierarchical genetic algorithm (HGA) to optimize the voltage control systems according to the number of control actions. In [6] , an integrated voltage control called Coordinated Secondary Voltage Control (CSVC) has been proposed for controlling the OLTC to ensure that voltage and loading constraints are satisfied during normal and emergency conditions. Authors in [7] have developed a voltage regulation method in power distribution systems including DG systems through optimizing the sending end voltage using the Least Square method. Baldick and Wu [8] have developed a coordinated approach for the operation of switched capacitors and OLTC in a radial distribution system by approximating the problem as a constrained discrete quadratic optimization. In [9] , a method for coordinating the operation of DG and step voltage regulator for improvement of distribution system voltage regulation has been presented.
In this paper, a new coordinated approach for controlling the operation of OLTC and DG, used as primary system voltage regulators, has been developed based on the principles of magnitude grading and time grading of protection system. The proposed method uses Advanced Line Drop Compensators (ALDCs) for coordination of OLTC and DG. The magnitude and time grading principles of protection system have been adapted in the proposed method to avoid the interaction between OLTC and DG, as well as to utilize effectively the capacity of OLTC and DG. Simulations have been carried out on a distribution feeder with consideration of load dynamics to examine its performance.
II. ADVANCED LDC FOR VOLTAGE PREDICTION
Normally, the operation of Tap Changer and DG can be performed through controlling their local voltage at the points of common coupling. However, setting voltage references for these regulators is a very complicated task due to unpredictable load dynamics and high diversity in customers' locations. Low setting of the reference value might not warrant the required voltage condition of the customers. High setting, on the other hand, may lead to excessive operation of the regulating devices. Unnecessary actions of the OLTC or regulators as well as DGs are undesirable because of economic reasons. Changing tap position of the OLTC causes transients and mechanical wear on itself, while DG overrunning results in expensive fuel cost and reduction of the machine's operational age. To overcome these challenges, the Line Drop Compensator (LDC) has been proved to be very promising. As LDC is more sensitive to the changes of load and system voltage, it is able to predict voltage drop more effectively. Therefore, it may help reduce the number of tap operation and DG running time. In addition, LDC can offer an accurate tuning process for voltage control. In this section, operating principles of the conventional LDC and proposed Advanced LDC have been discussed and compared.
The use of LDC is very common in both transmission and distribution systems. In practice, an LDC equipped with a modern regulating device normally predicts the voltage at a remote load centre. The information of customers' voltage status provided by the LDC, in turn, will drive the operation of the corresponding regulator in an attempt to maintain this voltage within satisfactory limits. In principle, voltage at the load centre is predicted by estimating the voltage drop and then subtracting it from the local voltage measurement at the regulating point. Basically, voltage prediction by a conventional LDC depends on the local measurements of voltage and current, as well as its internal parameter settings, such as R and X. These values are used to estimate voltage at the remote load with acceptable discrepancy, as indicated in following equation.
where, V d and I d are the local voltage and current measurements, respectively.
Design of R and X has been extensively discussed in [10] [11] [12] . The most common and simple way for tunning the R and X parameters is to put the LDC online and adjust the R and X until the prediction from the LDC provides relatively precise result. Those values will be kept constant until another tunning process is required to enhance the accuracy of the prediction. To make it possible for the LDC to give an indication of the remote voltage, the settings of R and X usually reflect the equivalent resistance and reactance and can be represented as:
where R The and X The are the equivalent resistance and reactance of the system, respectively, and α is the tunning factor of the conventional LDC.
As can be seen from the above, the accuracy of the Conventional LDC depends greatly on the selection of R and X. Bad choices of those parameters will cause imprecise prediction of the LDC. Also, operation of the tap changing and the DG systems inclusion have made the process of selecting R and X even more complicated [13] . In this paper, an advanced LDC is proposed that allows the estimation of the remote end voltage without any difficulties of choosing the LDC's internal coefficient settings. The voltage prediction by Advanced LDC is performed by utilizing only the local voltage and current measurements. The LDC works based on the assumption that the load is roughly uniformly distributed along the feeder, and thus the line current drops almost linearly from the measurement point d to the end of the feeder. The estimated current x kilometres from the substation can be written in the algebraic form as:
where d is the distance in km from the substation to the regulation, L is the feeder length. I d and I r are the local measured current at d and the current draw by the remote load, respectively. Note that the I r at any instant can be estimated using off-line load data with time reference. Voltage prediction at the load centre is determined by subtracting the estimated voltage drop from the measured voltage at regulation point d as:
where, z is the line impedance per unit length and β is the tunning factor of the advanced LDC, and f is the distance in km from the substation to the point of voltage monitoring. A tunning process can be applied to the advanced LDC. The LDC is put online and the constant β could be determined. The possibility of inadequate voltage prediction caused by poor design of LDC internal settings has been eliminated by the advanced LDC. Therefore, more accurate prediction with higher confidence can be expected. The fundamental difference between the prediction using conventional LDC and advanced LDC is highlighted in Fig. 1 . Fig. 1(a) represents the voltage estimation of the conventional LDC that assumes linear voltage drop along the feeder due to the constant R and X. The advanced LDC, on the other hand, produces a non linear voltage drop by taking the integration of the line current as shown in Fig. 1(b) . The voltage profile in this case is closer to the real situation. Thus, it is expected that a better voltage prediction can be obtained.
III.
A COORDINATED CONTROL APPROACH FOR COORDINATION OF A DG UNIT WITH OLTC In general, the voltage of a feeder is controlled by an OLTC transformer at the substation and one or more capacitor banks along the feeder. The transformer controls the secondary side voltage magnitude directly by changing its tap position, while the capacitor banks affect the higher side voltage magnitude indirectly by changing the amount of reactive power demand at the bus [14] . In this paper, not the capacitor banks but DG is used which is able to alter the voltage indirectly by changing the amount of both real and reactive power. Traditionally, the control of the OLTC is done in a simple way with sensing the need to raise or lower the tap position, and correcting the voltage until a tap position limiting switch prevents further excursion of the tap changer [15] . Similar concept is adopted here to control the operation of OLTC and DG. However, for a better voltage control scheme, especially when there are more than one voltage regulating devices are employed, more advanced arrangement needs to be developed. In this section, the mission of maintaining system voltage within the specified limits is achieved by controlling the tap position of the OLTC and the output current from a DG. Each of them is equipped by an Advanced LDC and they, both are responsible for improving the remote end voltage. Voltage at the remote load is chosen as the driven factor for the operations of OLTC and DG. The reason is that the remote end voltage of a radial feeder is usually low and it is the position where the worst voltage situation would most likely to occur. To improve the performance of the control system, a time delay and a voltage reference setting are integrated for each regulator. This is an imitation of the grading principles in protection system, which are known as time grading and magnitude grading as used in [16] . The two grading schemes have been employed to assign a priority level for operation of each regulating device. Thus, the interaction between the regulating devices can be reduced or possibly eliminated. Moreover, another purpose of time grading is to avoid unnecessary control actions in response to temporary voltage drops. Such circumstances occur in real-time practice of voltage control due to short term load variations. However, they usually do not hold for long time and the system is expected to automatically recover. Thus, any response of tap changer or DG in those situations is undesirable by utilities. This problem is easily solved by inserting a time delay into the regulators. The first tap or first DG adjustment takes place only after a time delay, and then the consecutive responds will be faster. The delay is recommended to be long enough to overcome any unnecessary response. More discussion about the grading process will be provided later on.
The actions of the OLTC can be classified into three types: do nothing, tap up, and tap down. These actions are coded as 0, +1, and -1, respectively. The following rules are used to control OLTC [16] :
1) Default status of the OLTC is 0 2) If V pr1 < V ref1 -dead band: current status is +1 3) If V pr1 > V ref1 + dead band: current status is -1 4) Otherwise, current status is 0 where V ref1 is the reference voltage and V pr1 is the estimated remote voltage of the OLTC controller. A counter is set up in the controller with default value of zero to make sure that tap change is occurred for permanent voltage problems only. The control algorithm of the OLTC can be summarised as in the flow chart given below (for t > t + 1):
The DG control strategy shares some similarities with the OLTC control algorithm [16] . A variable called 'current status' mainly drives the decision making of the DG operation, and a 'counter' is engaged to trigger the action of the DG for actual need. Default values for both the 'current status' and the 'counter' are zero. Apparently, these variables perform their duties autonomously from those of the OLTC.
Current status of the DG can be defined as below [16] Lower tolerance is chosen in such a way that it is substantially smaller than the upper tolerance. The reason is that the DG reference voltage is generally set closer to the lower limit to satisfy the voltage requirement without over running or over loading the DG. The controller of proportional and integral (P-I) type can be used for the DG. Voltage error is derived based on the information provided by the advanced LDC with the addition of some level of tolerance and is used as the feedback signal for the controller. DG will adjust its output current to correct the voltage as [16] ,
In this study, DG has been modelled as a constant current source and its phase angle is determined so as the DG would always give maximum voltage improvement in the feeder [10] . For economic reasons, it is assumed that DG is operated only if its output current is equal to or greater than 30% of the DG capacity. Otherwise, it will be switched off. The control logic of the DG is described in a step-by-step procedure as follows.
Step 1: Determine the current status of the DG at time t using Advanced LDC and local measurements at DG Calculate V pr1 using Eq. (4) 
Step 2: Does the status of the DG remain the same as that at time t-1? If yes, increase the counter by 1 and go to Step 3. If no, go to Step 6.
Step 3: Is the counter equal to or greater than the delay time of the DG? If yes, go to Step 4. If no, go to Step 7.
Step 4: Calculate the desired value of DG current output |I DG | by using Eq.(5). (For diesel or bio-diesel based DG, if the desired value is less than 30% of DG capacity, set |I DG | = 0 to avoid low load operation due to economic reasons). If the desired value is more than 100% of DG capacity, set |I DG | = the maximum DG current. Otherwise, |I DG | is as given by the calculation. Go to Step 5.
Step 5: Adjust DG output as the desired value and go to
Step 7.
Step 6: Reset counter to zero and go to Step 7.
Step 7: t = t + 1 and go to Step 1.
As mentioned earlier, the OLTC and the DG may experience interactions since both controllers are working towards the same aim of correcting the remote voltage. These interactions, however, can be avoided by setting V ref1 significantly higher than V ref2 . The voltage reference level and delay time of the controllers were designed based on the concept of magnitude grading and time grading characteristics, respectively, of the protection system. The use of these principles helps to improve the performance of the control scheme in various ways, such as [16] , -OLTC and the DG controllers will only be activated in case of permanent voltage problems. Thus, maloperation of controllers can be avoided. -Utilised the capacity of the OLTC, which is considered as a less expensive method of voltage regulation. This will reduce the running cost of the DG. -Reduced the risk of interactions among the different controllers.
IV.
A COORDINATED CONTROL APPROACH FOR COORDINATION OF DG SYSTEM AND OLTC For demonstration of the proposed control applicable to multiple DG systems, a two-DG system is used in this study. The voltage of the distribution network in this case is controlled simultaneously by an OLTC and two DG units located at a certain distance apart from each other. Let us assume that DG1 is further away from the remote end than DG2. Two different voltage control schemes have been developed. One has no support from the communication system, while the other employs a minimum communication set-up.
A. COORDINATED CONTROL WITHOUT COMMUNICATION
Although the proportional and integral controller (as have been used for the single DG system) with its fast response can give a good performance for voltage support, it may result in an unstable system. The higher the number of proportional and integral controllers in the system, the higher the chance of interaction among them. To reduce the risk of potential interaction and also reduce the possibility of controller instability, a noncommunication control scheme is proposed that uses only the purely proportional controller (PC). The output of each DG in the system is controlled by a PC, which is driven by an Advanced LDC. Tap operation of the OLTC is determined by a feedback signal obtained from an Advanced LDC, which is attached to the tap changing transformer.
The control algorithms of the OLTC and the DG themselves are very similar to those of the single DG system. However, as more devices are employed, hunting between regulating units is more likely to occur. To solve this problem, different targets, as defined below, have been assigned to different controllers given in Fig.3 . a) The OLTC regulates the remote voltage. Thus, feedback signal of the OLTC controller is the difference in magnitude between the voltage prediction of the remote end (by the Advanced LDC at tap point), and the reference voltage of the OLTC. b) The DG1 regulates voltage at a load bus k, which is located in between DG1 and DG2. Thus, feedback signal of the DG1 controller is the difference in magnitude between voltage prediction of bus k (by the Advanced LDC at the DG1), and the reference voltage of the DG1. c) The DG2 regulates the remote voltage. Thus, feedback signal of the DG2 controller is the difference in magnitude between the voltage prediction of the remote end (by the Advanced LDC at the DG2), and the reference voltage of the DG2. Therefore, output signals of the DG1 and DG2 can be determined as:
where K P1 and K P2 are the proportional constants of DG1 and DG2, respectively. By applying these feedback signals to the controllers, the remote end voltage, which has the highest probability of voltage problem to occur, will be taken care by both the OLTC and the DG2. Moreover, the load bus with the next highest probability of voltage under specification is looked after by DG1. We assume that the secondly critical point is located between the DG1 and the DG2. This is due to the fact that since the current injections from the two generators result in voltage raises at the location of each DG, the midpoint (or a point near to this) between the DG units may suffer from low voltage condition. Moreover, in case if the DG2 is saturated or fails to work, the DG1 can act as the secondary voltage support equipment to the remote end voltage.
The magnitude grading and time grading principles of the protection system have also been adapted for this control scheme. The voltage reference of the OLTC controller is set to the highest to maximise the capability of the tap. The DG2 controller has the second highest voltage reference level, while the controller of the DG1 has the smallest reference. This is to ensure that the DG2, which is supposed to be more economical for voltage support, will have more chance to operate than the DG1. Also, different time delay settings are integrated for different controllers.
B. COORDINATED CONTROL WITH MINIMUM
COMMUNICATION In the availability of the communication system, we assume that there is a control centre which is able to assign voltage correction level to each DG, according to their effectiveness. The OLTC, on the other hand, works independently from the group of the DGs. The communication set up proposed is bi-directional between the control centre and the DGs, as shown in Fig.4 . The control centre basically has three main roles as discussed below: a) Keeping track of voltage condition at the remote end by using the Advanced LDC. b) Sharing the responsibility among the DGs depending on their efficiencies in regulating voltage at the remote end. c) Transferring the regulating responsibility of one DG to another in case it is supposed to work under a certain limit (typically 20% of capacity by assumption) or fails to operate. The controllers of the DG1 and DG2 in this control scheme are both proportional-integral (PI) type. As we have mentioned earlier, the PI controller in case of multiple DG system may lead to control instability. However, this problem can be solved by using a common integral part, which is controlled by the control centre, of the two DGs. Thus, the DG outputs are determined as follows:
where K Pj is the proportional constant of DGj. V ref-C and V pr-C are the reference voltage and estimated voltage, respectively, of the control centre. Moreover, it is more effective to locate the control centre at the location of the DG2 or near to remote end. The reason of this is that the DG2, which is located closer to the remote end, is able to give more accurate voltage estimation as well as to correct the voltage more efficiently. 
V.
RESULTS AND DISCUSSIONS Tests were carried out on a test feeder extracted from a practical system for validating the proposed design of the Advanced Line Drop Compensator and also control strategy for DG system. Results are reported in the following sub-sections.
A. TEST FEEDER WITH TIME VARYING LOAD DATA
An 11-kV distribution feeder (shown in Fig. 5 ) of Aurora Energy, a distribution utility of Tasmania, Australia has been used for this study. The length of the main feeder is 48 km. As this feeder provides power to a low densely populated at rural area, even though it is considerably long, it does not have any backup substation and is thus a potential candidate of voltage support by DG. It has been modified to form a simplified test system shown in Fig.6 with 69 load nodes. All laterals are ignored and the system is represented as a single feeder with uniformly distributed load.
The tap ratio (1 to 'a') of the OLTC can be varied from a = 0.95 to a = 1.10. Each step is 1.25% and the delay time for the first tap is 4 seconds. In practice, an OLTC normally takes 30 seconds for the first tap movement. However, due to the short-time simulation, the time delay has been scaled down to 4 seconds. The LDC dead-band used in the OLTC is 1%. Each LDC that serves the DG has upper tolerance of 0.5% and lower tolerance of 0.2%. 
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Simulations have been carried out for the duration of 200 seconds with time step of one second to prove the usefulness of the proposed control. Both LDCs (one allocated for OLTC and another for DG) monitor their local voltage and current and periodically predict the remote end voltage. If the estimated remote voltage is not considered to be safe within the acceptable limits, controller will be activated and control actions will be taken place immediately. The test system is designed to operate within ±5% from the nominal voltage.
A set of time-varying load data was generated for the test, by imitating the nature of load change, which is usually stochastic in time and magnitude. Total feeder load increases from 2.0 MVA to 4.3 MVA to demonstrate the transition from lightly loaded to heavily loaded conditions. To represent the stochastic nature of loads, the time-varying load data was generated based on the following characteristics: (a) At time t, 20% of the load buses (selected randomly from the set of 68 buses) had their load levels varying compared to time t-1. Load variations were calculated by adding a certain amount of variation (randomly up to 2.5% of the prior load level) and a correction factor such that general increasing trend of load will be followed. (b) The remaining 80% of customers maintained the same load as at time t-1. (c) Real and reactive power variations were independent from each other, thus, customer power factor was not a constant value with respect to time. The load profiles of four selected customers are given in Fig.7 , which also demonstrate the non-uniform load characteristic of the test system. Fig.8 shows the load profile of the test system. It is revealed that total energy required in the period under consideration is 167.8 kWh.
B. ADVANCED LINE DROP COMPENSATOR
The performance of the Advanced LDC and the Conventional LDC has been examined through simulations. They have been allocated individually (or one by one separately) at the substation and estimate the voltage along the feeder using their local measurements and settings. Fig.9 shows the predicted voltage profile of the system by prediction using two types of LDC, and also the actual voltage profile. While the Conventional LDC provides a linear voltage drop, the Advanced LDC gives a non linear voltage profile which is very close to the actual values. It is found that the Advanced LDC can predict voltage more accurately compared to the conventional LDC. Moreover, the Advanced LDC is able to work for any target bus without requiring extra tunning process. For the Conventional LDC, on the other hand, the tunning process is compulsory for any change of the target bus. This can be explained by the fact that, once the Advanced LDC setting is tunned, the setting is valid for every single point on the feeder. The Conventional LDC, however, has different tunning factor α for different load bus on the feeder. 
C. COORDINATED CONTROL FOR DG SYSTEM
Power generation by DG is limited to 15% penetration. The term "penetration" represents the ratio of the DG capacity to the peak load. Simulations have been conducted in two cases: (1) DG has the delay time of 3 seconds for the first decision and then responds instantly for subsequent changes; (2) DG is designed to respond at every instant to the voltage error signal, in other words, DG control action has no time delay.
The voltage reference of LDC for the OLTC is 0.976 p.u. and the reference for the DG is 0.956 p.u. The reference voltage of LDC at the OLTC is set relatively high due to two main reasons:
-For the purpose of maximising the usage of tap.
-The voltage prediction of LDC at the OLTC is less effective. This is the result of the inclusion of DG as well as the characteristic of the LDC used. The further the LDC from the remote end, the less accurate the voltage prediction. Two DGs have been integrated into the test feeder; DG1 is located at bus 50 while DG2 is located at the remote end bus. As mentioned earlier, the control center, if available, will be located at the remote end as well. The DG1 and DG2 have the capacity of 5% and 10% penetration, respectively. Both voltage control schemes have been applied on the same load data to examine their response. Moreover, to compare the performance of the two methods, they have been adjusted (with their controller constants and voltage reference levels) so that the same voltage quality level of the supply is produced. In both cases, the total customer minute under voltage as percent of total customer-minute is at 2.9%. Fig.11 shows the tap response for both control schemes (with and without communication). The figure reveals that the tap response using no communication system shows a slightly slower response compared to the communication based control scheme. In both control technique, the maximum tap ratio is found to be around 1.05 only even though its maximum capacity is at 1.10. The reason of this is that the tap cannot increase any further to keep the voltage at the secondary side of the OLTC within the specified limits.
Figs.12 and 13 show the DG response for the non-communication and minimum communication control, respectively. In the first control technique (Fig.12) , the DG units operate in two periods of time, firstly when the tap has not reached its desire level (due to time delay), and secondly when the tap is saturated and cannot be increased any further. Also, it can be obviously seen from the figure that the operation time of DG2 is always much higher than that of DG1 because of its higher level of contribution for voltage correction. The DG response of the control technique with communication, given in Fig.13 , shows more complicated operation of the two DGs. At the beginning, only DG2 operates to compensate the voltage for its high level of contribution. However, in the later part of the simulation, DG1 starts first and runs for approximately 35 seconds. The reason of this is that during this time, the desired output of DG is not large enough to turn DG2 ON. When the demand increases furthermore, DG2 starts working and DG1 is switched OFF while passing its duty to DG2. Finally, both DG units are switched ON to contribute to the voltage control process. Table 1 shows the summary of DG output in kWh for each type of controller. It can be seen from Table 1 that the total DG output for the control without communication is higher than that of the control using communication. This means that it is less expensive in term of the DG operational cost to use the control using communication. If two equal-sized DGs (7.5% each) are placed in the system at the same positions which are at bus 50 and the remote bus, the communication method also shows more advantage in term of DG running cost. The only different is, in the last 60 seconds of the simulation, DG2 will start first and DG1 will only takes part in the control process when the demand has increased higher than the capacity of the DG1 itself.
Another advantage of the control using minimum communication over the other method can be counted on the stabilization process of the controller, as given in Figs.14 and 15. We can see that it takes only 7 iterations for the communicational control scheme to stabilized, while the time is approximately 24 iterations for the other type of control scheme. However, as mentioned earlier, this type of controller involves in a certain level of communication, which is fairly costly. Therefore, an economically effective controller can only be achieved if a good trade-off is made between the cost of communication system and DG running cost. VI. CONCLUSIONS This paper has presented a coordinated control approach for voltage control using LDC that can effectively coordinate the response of voltage regulators (or tap changers) and DG. An advanced LDC has been developed to predict voltage more accurately and precisely, and make appropriate decision for the control actions of the regulating devices. The proposed LDC avoids the risk of ineffective selection for the internal setting as in the case of conventional LDC. The proposed control scheme is developed based on the protection principles, such as magnitude grading and time grading. This has greatly improved its performance by increasing the capacity of the tap changer and using the DG more effectively. It also minimizes the interaction level among the controllers of regulating devices and DG. In addition, the proposed control system avoids the unnecessary operation of the tap changer and DG. The comparison of delayed and instant (non-delayed) DG and also the comparison of control technique with and without using communication presented in this paper offer valuable information to the network operators for selecting the most suitable control system, to satisfy the utility and the customer's requirements. Also, the higher the number of the DG, the higher reliability level can be expected.
